Transplante de tecido ovariano criopreservado e restauração do metabolismo ósseo em ratas castradas
INTRODUCTION
O varian aging and cytotoxic treatments are the most common causes to women fertility loss. According to recent reports, 700.000 women in the United States and 300.000 women in Brazil are diagnosed with cancer each year. Approximately 8% of these women are under 40 years of age and are at risk for fertility loss after aggressive gonadotoxic anticancer treatments. Many strategies were developed to prevent fertility loss in young women and girls undergoing these treatments, which significantly increase survival rates for most cancers 1 .
Several options are available, such as cryopreservation of embryos, oocytes and ovarian tissue, and ovarian tissue autotransplantation [2] [3] [4] [5] . According to recent publications, cryopreservation and ovarian tissue autotransplantation can be used to restore fertility in cancer patients, in patients who do not respond adequately to conventional treatments and in those with premature ovarian failure 6, 7 .
Although experimental, cryopreservation and ovarian tissue autotransplantation resulted in more than 86 healthy babies birth all over the world 8 with approximately 25% live birth rate per transplantation 5 .
One of the consequences of natural or induced ovarian failure is osteoporosis, characterized by bone mass and mineral density loss, thus increasing fractures risk. Osteoporosis is an important complication of old age in women and is strongly associated with sex hormones deficiency, but it can also be caused by alcoholism or 
Ovarian and bone tissue collection

Ovarian tissue autotransplantation
To compare surgical castration early and late effects, rats randomly divided into groups A and B, underwent vitrified ovarian tissue autotransplantation, performed at the greater omentum, one week after bilateral oophorectomy in group A (n = 8) and one month after bilateral oophorectomy in group B (n=19). One month after ovarian autotransplantation in both groups (A and B), abdominal cavity was opened and transplanted ovaries were identified, evaluated macroscopically and removed. The animals were then submitted to euthanasia with lethal doses of previously used anesthetic.
Estradiol Determination
Serum estradiol level was measured in both groups in several moments: before bilateral oophorectomy (basal level), immediately before autotransplantation (surgical castration) and one month after autotransplantation (reimplantation). According to our laboratory protocol, 2ml of blood were taken from retro-orbital plexus using a heparinized capillary hematocrit tube. After blood centrifugation at 2500rpm for 15 minutes, plasma was collected and stored in a freezer for later use in hormonal assay. Enzymatic immunoabsorption assay kits (Diagnostics Biochem Canada Inc., assay sensitivity, 10ng/ml) were used to quantitatively measure serum estrogen levels.
Tibias histological analysis
In both groups, tibial biopsies were collected before bilateral oophorectomy (baseline), immediately before autotransplantation (surgical castration) and one month after autotransplantation (reimplantation).
Tibia biopsy samples were fixed in 10% neutral skin around the thigh. Once the deep musculature was exposed, it was set aside for bone exposure of the anterior proximal part, about 5mm from the insertion of the tibia.
The bone biopsy was performed with a 2mm diameter helical drill coupled to a mini-drill (3i Implant Innovations
Inc., Palm Beach Gardens, FL, USA), with 12,000rpm rotation and a constant irrigation with saline solution.
The drill was positioned vertically and in perpendicular position to the bone longitudinal axis to penetrate the cortex, reaching the deep medullary canal, but without reaching contralateral side. Next, skin was sutured with 3-0 nylon at equidistant points.
On first postoperative day, acetaminophen 120mg/kg and codeine 60mg/kg were orally administered for analgesia.
Ovarian tissue vitrification and heating
Ovarian fragments vitrification and subsequent heating were carried out according to protocol described by Silva et al. 17 . In most cases, the ovaries were initially To thaw the ovarian cortex, cryotubes were removed from Dewar vessel and maintained at room temperature for two minutes, followed by immersion in a 37°C water bath for two minutes. A slight and gentle stirring was carried out. Cryotubes contents were rapidly emptied into culture plates with Leibovitz L-15 medium, and washed three times with fresh medium to remove residual cryoprotectant prior to replantation, according to a protocol adapted from Lunardi et al. 18 . Each sample buffered formaldehyde and decalcified in EDTA solution (ethylenediamine tetraacetic acid) for two weeks. After decalcification, specimens were subjected to routine histological processing and paraffin incorporation.
Subsequently, 5μm paraffin sections from tibia metaphysis were dewaxed and stained with hematoxylin and eosin for optical microscopy examination 19 
Ovaries histological analysis
In both groups, ovarian samples were 
Statistical analysis
RESULTS
Plasma estradiol level
There was no statistically significant difference between estradiol levels variation in the two study groups 
Bone parameters
Cortical bone
In general, tibia average cortical thickness was 0.463±0.14mm at the baseline, 0.354±0.14mm after the oophorectomy, and 0.446±0.17mm in the month following ovarian autotransplantation (p<0.005) ( Figure   1 ). Paired t test, adopting as a degree of freedom the value (n-1) and taking as "p" (probability) 0.005 value, receives 2,977 value. As in our calculations we found 5.28 value, we conclude that p<0.005. 
Trabecular bone
In addition, mean trabecular thickness was 0.051±0.08mm at baseline, 0.021±0.08mm after oophorectomy and 0.0448±0.032mm in the month following ovarian autotransplantation (p<0.005) ( Figure   2 ). Paired t-test, adopting as value of freedom the value (n-1) and having as "p" (probability) the value of 0.05, receives value of 1.812. As in our calculations we found the value of 0.472, we concluded that p was not significant.
Figure 2. Tibia trabecular thickness (mm) (p<0.005).
Blue: basal; Green: castration; Orange: reimplantation.
In cortical bone, before oophorectomy, during metaphyseal-diaphysis transition we observed soft tissue and bone, osteoblasts and osteocytes borders in compact spaces. Osteoblasts border was absent in group A, one week after oophorectomy. One month after autotransplantation, there was absence of trabeculae ( Figure 3) . In group B, 30 days after oophorectomy, we observed extensive, occasionally empty channels (without osteocytes) and osteoblast foci. However, one month after ovarian autotransplantation, we observed cortical bone formation containing a border of osteoblasts, channels and large gaps containing osteocytes ( Figure   4 ). We found an osteoblasts border and hematopoietic matrix in trabecular bone before oophorectomy. Subsequently, group A demonstrated trabecula irregularity, one week after oophorectomy. We observed a hematopoietic matrix one month after ovarian autotransplantation ( Figure 5 ). In group B, one month after oophorectomy, we observed extensive channels and gaps occasionally empty (i.e., without osteocytes) and osteoblasts foci. However, one month after ovarian autotransplantation, we observed trabecular bone formation containing osteoblasts border, channels and large gaps containing osteocytes ( Figure 6 ). In this study, rats were oophorectomized bilaterally and their ovaries were cryopreserved via vitrification. Bone and tibial tissue biopsy samples were analyzed one week (group A) or one month (group B) after ovarian autotransplantation. Graft was successful in most rats. In both groups, compared to baseline levels, post-autotransplantation ovarian estradiol levels increased in almost half of the animals, suggesting successful transplantation and endocrine ovarian function recovery. In addition, average bones cortical thickness one month after ovarian autotransplantation was similar to that at baseline. In addition, bones cortical thickness at baseline was similar to the month after ovarian autotransplantation.
Histological analysis showed that, in general, bone quality measurements worsened after 33 . In healthy women, an ovary loss advances menopause onset age for only one year due to the huge follicles excess. In other words, normal women experience little or no effect on fertility or menopause onset age after ovarian tissue removal when young. We can conclude with our study that cryopreservation and ovarian tissue autotransplantation help bone quality improvement in castrated rats. Despite expressive variation in hormone levels in groups subjected to different periods of surgical castration, there was no statistically significant difference between estradiol levels variation. There is bone histological effects reversal derived from estradiol deprivation after cryopreserved ovarian tissue autotransplantation.
Objetivos: avaliar os níveis de estradiol e os efeitos do autotransplante de tecido ovariano aquecido, após vitrificação, no metabolismo ósseo de ratas previamente ooforectomizadas bilateralmente. Métodos: trabalho experimental com 27 ratas com idades entre 11 e 12 semanas e pesando 200g a 300g, submetidas à ooforectomia bilateral e criopreservação de tecido ovariano para posterior reimplante.
Os animais foram divididos em dois grupos, A e B, com oito e 19 ratas, respectivamente. O autotransplante ocorreu em dois períodos de acordo com o tempo de castração: após uma semana, no grupo A, e após um mês no grupo B. Mensurações de estradiol sérico e análise histológica de ovário e tíbia foram feitos antes e após o período de ooforectomia (precoce ou tardio) e um mês após o reimplante. Resultados: nos grupos A e B, as espessuras corticais médias da tíbia foram 0,463±0,14mm (média±DP) na linha de base, 0,360±0,14mm após ooforectomia e 0,445±0,17mm em um mês após o reimplante (p<0,005). As médias trabeculares foram 0,050±0,08mm (média±DP) na linha de base, 0,022±0,08mm após ooforectomia e 0,049±0,032mm em um mês após o reimplante (p<0,005). Não houve diferença estatística entre a variação do estradiol entre os dois grupos de estudo (p=0,819). Conclusão: o transplante de tecido ovariano criopreservado restabeleceu os parâmetros ósseos, e estes resultados sugerem que a reimplantação ovariana em mulheres pode apresentar os mesmos efeitos benéficos sobre o metabolismo ósseo.
Descritores:
Menopausa. Osteoporose Pós-Menopausa. Estrogênios. Insuficiência Ovariana Primária.
